Electron paramagnetic resonance of Mn 2+ and Gd 3+ in single crystals of Pr2Co3(N03)i2 • 24 H2O has been studied at X-band at 305 and 77 K. Mn 2+ substitutes at two types of Co 2 f sites whereas Gd 3 substitutes at the single type of Pr 3+ site in the lattice. The spin-Hamiltonian parameters have been evaluated. Observation of resolved Mn 2+ and Gd 3+ spectra at 305 K and their broadening on lowering the temperature are discussed in terms of host spin-lattice relaxation narrowing.
Introduction
The hydrated double nitrates of the rare earth elements form an interesting isomorphous series of salts for electron paramagnetic resonance (EPR) studies [1 -15] . Their general formula is M2" 'l/3" (N03)i2' 24H20, where M"' is a trivalent cation (Bi or an ion of the 4f group) and M" is a divalent cation (Zn, Mg or an ion of the 3d group).
We have previously reported the EPR of Mn 2+ and Gd 3 + in some of the double nitrates [13] [14] [15] 
Crystal Structure
The crystal structure of Ce2Mg3(N03)i2 • 24H20
(CMN), which is isomorphous to PCN [5, 9] , has been determined by Zalkin et al. [17] . 
Experimental
Single crystals of PCN doped with Mn 2r and Gd 3+ were grown at room temperature by slow evaporation of aqueous solutions of Pr(NC>3)3 • 6H2O and Co(N03)2 • 6H2O mixed in stoichiometric ratios. Mn 2+ and Gd 3+ were introduced into the host lattice by adding a small amount (0.5 -1 % by weight) of manganese and gadolinium nitrates. The double nitrates grow in flat hexagonal plates, the plane of which is perpendicular to the trigonal axis. Details of the experimental set up for recording the EPR spectra are given in [18] .
Results and Discussion

Mn 2+
In double nitrates the Mn 2+ occupy two different divalent cation sites with their z axes along the trigonal (c) axis of the crystal [2, 3, 12, 13, 19] . Figure 1 shows the EPR spectrum of PCN: Mn 2+ with magnetic field parallel to the c axis. Magnetic field measurements have been made only for the Mn 2+ complex having a large zero-field splitting (Y site). No measurement could be made for the Mn 2+ complex having a small zero-field splitting (X site) since various fine structure groups could not be distinguished. Further, for the Y site, measurements could be made only for M = ±5/2^* ±3/2 transitions because the inner transitions Jf=±3/2->-±l/2 and M = +1/2-*-1/2 are completely broadened out. The following discussion pertains only to the Y site. The spectra of the Y site observed at 305 K have been analysed using the spin-Hamiltonian appropriate for Mn 2+ in a • 24H20 (PMN) [12] and Pr2Zn3(N03)i2 • 24H20
(PZN) [13] .
The general features of the Mn 2+ spectra in PCN are similar to those observed in PMN and PZN.
However, several differences are observed: 
Gd*+
The EPR spectrum consists of a single set of seven lines with the 2 axis parallel to the c axis. The EPR spectra of Pr2Co3(N03)x2 • 24H20:Gd3+ single crystals at 305 and 77 K for H0\\z axis at X-band frequencies (9.5 GHz). is 1.2 mT, which is more than the experimental error. This anomalous angular variation of fine structure transition in the plane perpendicular to the c axis has been previously observed in other hydrated double nitrates [5, 9, 14] . The spectrum shows trigonal symmetry about the c axis.
The spectrum has been analysed using the spinHamiltonian appropriate for Gd 3+ in a trigonal crystalline field [5] . The parameters at 305 and 77 K are given in Table 1 . The signs of the parameter given in this table are only relative and have been determined assuming b2° to be positive. The parameters &6 6 and g± are not quoted because of the anomalous angular variation of the fine structure transitions in the plane perpendicular to the z axis. The parameters of Gd 3+ in PCN are of the same order as observed for Gd 3+ in PMN and PZN.
The observed behaviour of the Gd 3+ spectra in PCN deviates from the PMN(PZN): Gd 3 + spectra in several aspects:
(i) At 305 K the line widths of the Gd 3 + spectra in PCN are ^ 2.8 mT (Table 2 ) whereas the widths are ^ 0.8 mT in PMN and PZN at room temperature and at 77 K.
(ii) The linewidths of various fine structure transitions in PCN: Gd 3+ show an unusual variation (Table 2 ). For HQ parallel to the z axis the linewidths increase on going from the M = ± 7/2-* ±5/2 to the Jf = + 1/2-*-1/2 transition. The width of all the Gd 3+ resonance lines increases on lowering the temperatures, and the unusual variation of linewidths becomes prominent at 77 K (Figure 2 ). The broadening of the central transition and narrowing towards the end of the spectrum is also observed for Gd 3+ in some rare earth salts [16, 21] . However, so such effect has been observed in PMN and PZN from room temperature to 77 K.
(iii) The values of gl} for Gd 3 + in PCN (1.990 ± 0.001 at 305 K and 1.987 ±0.001 at 77 K) show a shift from the value which is observed in the case of PMN (gr|| = 1.9922 ± 0.0005 at 300 and 77 K) [14] and PZN (g[{ = 1.9925 ±0.0005 at 298 K and 1.9924 ±0.0005 at 77 K) [13] .
The linewidths of Mn 2+ and Gd 3 + in PCN can probably be understood on the basis of host spinlattice relaxation. Mitsuma [22] proposed that fast spin-lattice relaxation of the host can randomly modulate the dipolar and exchange interactions between paramagnetic host and impurity ions, resulting in what is called "host spin-lattice relaxation narrowing" [23] . In PCN, both Pr 3 + and Co 2 + are fast relaxing ions. However, it has been shown by Gerkin and Thorsell [16] that Pr ethyl sulfate nonahydrate, a comparably dilute salt, behaves virtually as a diamagnetic host with respect to Gd 3+ down to 77 K. Similar observations are made for PMN and PZN relative to Mn 2 + and Gd 3 + [12] [13] [14] . Therefore, the observed line width broadening in PCN can not arise from the magnetic interaction between Pr 3+ and impurities. It can be explained as a result of the interaction between fast relaxing Co 2+ and impurities. St. John [24] has shown that the requirement stated in motional narrowing theory can be met in the case of Mn 2 + (and for Gd 3 +, which is also an S state ion) in cobalt salts at higher temperatures (300 K) and at X-band. Thus the observation of resolved EPR spectra of Mn 2+ and Gd 3+ in PCN single crystals can be attributed to the host spin-lattice relaxation narrowing.
To rule out the possibility that the resolved spectrum is due to motional narrowing because of exchange interaction between the host ions, and also to confirm that it is due to host spin-lattice relaxation, measurements have been carried out at 77 K. In the case of exchange narrowing there will be almost no temperature dependence of impurity linewidths until one goes much below 77 K [23] . For host spin-lattice relaxation narrowing the width of the impurity resonance lines should increase on lowering the temperature, as observed, because the host relaxation time T\ should increase on lowering the temperature and then it will not be able to average out dipolar interaction as effectively [25] . The line broadening with decreasing temperature has previously been observed in some cobalt [23] and rare earth salts [21, 26] .
When the conditions for host spin-lattice relaxation narrowing are met, the spin-lattice relaxation time T\ can be determined from the impurity linewidths. St. John [24] has given an expression for T i (host). From the observed line width of Mn 2+ and Gd 3+ at 305 K (in PCN), the spin-lattice relaxation time of Co 2+ in PCN has been estimated using the expression for Tx [23, 24] The <7||-shift has also been observed previously in other paramagnetic salts [21, 23] .
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